tography of the mixture on silica gel allowed the isolation of Sa in 60% yield, based on unrecovered starting material.
In order to form the tetrahydro and dihydrofuran rings in phytuberin, diol 5b, which was prepared by hydrogenolysis of the benzyl groups in 5a, was reacted with 3.5 equiv of DIBAL-H (-40 'C, 1.0 h; 0 'C, 0.5 H), as described for the reduction of the related formylspirob~tenolide.~ Workup of the mixture with 2 N NaOH gave deacetylphytuberin (lb), [ a I 2 f D -34.6 ' (c 0.1, EtOH), in 63% yield. This material exhibited identical spectral properties with those reported p r e v i o~s l y .~-~ Acetylation of l b (Ac20, Et3N, catalytic amount of 4-NJV-dimethylamin0pyridine'~) gave 71% of (-)-phytuberin (la), [(u] 24D -34.0 ' (c 0.25, EtOH), having IR and N M R spectral properties and TLC behavior identical with those of an authentic samples9 (13) Since the best yield of the butenolide was obtained when 1 equiv of lithium dimethylcuprate was used, it is possible that the conjugate addition reaction was effected primarily via the mixed methylalkoxycuprate derived from reaction of lithium dimethylcuprate with the hydroxy group in 10. In a recent publication Snyder' predicts, on the basis of calculated potential surfaces for isomerization of heteracyclobutenes, that 1 -azacyclobutenes will undergo ring opening in a conrotatory mode similar to cyclobutenes. This possible extension of the Woodward-Hoffmann rules to the isomerization of heteracyclobutenes has, to our knowledge, hitherto not been confirmed experimentally. A number of 2,3-dihydroazetes are known,2d and Cantrel14 and recently Harnisch and Szeimies5 have reported that several derivatives of these heterocycles are thermally unstable. Attempts to isolate the corresponding 2-aza-l,3-butadienes were unsuccessful, probably because of rapid polymerization or hydrolysis if water is present. We wish to report in this communication the stereospecific thermal isomerization of 2,3-dihydroazete 1-oxides together with the X-ray structure determination of one of the corresponding 2-aza-1,3-butadiene 2-oxides. Recently we have obtained a number of 2,3-dihydroazete 1 -oxides from reactions of nitroalkenes and 1-aminoacetylenes (ynamines). The structure of one of these four-membered cyclic nitrones, 2-(N,N-diethylcarbamoy1)-2,4-dimethyl-3-phenyl-2,3-dihydroazete 1-oxide (la), has been de- termined by X-ray crystallography.' This revealed the stereochemistry of l a and showed that the two bulkiest substituents, the phenyl and the N,N-diethylcarbamoyl group, are on the same side of the almost flat four-membered ring. When a chloroform solution of this 2,3-dihydroazete 1-oxide was heated at reflux, counting statistics). The structure was solved by direct methodsL2 Full-matrix least-squares refinementI3 of positional and anisotropic parameters of the nonhydrogen atoms resulted in a final R, factor of 5.5%. The structure of 2a14 is given in Figure 1 . The rate of the isomerization of l a to 2a in chloroform was measured by 'H NMR spectroscopy at temperatures of 5 1.5,61.1, and 71.9 'C. The rates were calculated from the decrease of the intensity of the singlet at 3.98 ppm corresponding to H-3 in la. The data fitted first-order kinetics, and from a plot of the rates vs. TI, we obtained the activation parameters of the isomerization reaction (Al? 27 f 1 kcal mol-' and AS* -2 f 3 eu). The rates of isomerization of two other 2,3-dihydroazete 1-oxides were also determined at 61.1 'C in chloroform (see Table I ). The isom- erizations of both lb and IC are faster reactions than the conversion of la to 2a. These results demonstrate that substitution of a methyl group at C-4 in l a by a phenyl group (lb) and substitution of a methyl group at C-2 in lb by a proton (IC) both increase the rate of isomerization of the 1-azacyclobutene 1-oxides. These observations are consistent with the known effects of substitution at the various positions of cyclobutenes on the rate of isomerization.15 Taking into account these known substituent effects on the rate of isomerization of cyclobutenes and assuming that the N,N-diethylcarbamoyl group at C-4 will decrease the activation energy by 1-2 kcal we have calculated a value of 28-29 kcal mol-] for the activation energy of the isomerization of the unknown cyclobutene that corresponds with the 2,3-dihydroazete 1-oxide (la). Therefore we conclude that substitution of an sp2-hybridized carbon atom of a cyclobutene ring by an N-0 group has only a small effect on the activation energy of the isomerization reaction. More important, this substitution does not change the stereochemical pathway of the reaction, which means that the Woodward-Hoffmann rules can be extended to electrocyclic reactions of 1 -azacyclobutene 1 -oxides. Tables of atomic positional and thermal parameters, interatomic distances and angles, and a list of observed and calculated structure factors (9 pages). Ordering information is given on any current masthead page. 
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Catalytically Active Models for the Active Site in Carbonic Anhydrase
Sir:
Carbonic anhydrase (CA) is a ubiquitous enzyme which catalyzes the interconversion of C 0 2 and HC03-. Its active site consists of a Zn2+ ion bound pseudotetrahedrally to three histidine imidazoles and either a water molecule or OH-ion.2 The activity of CA is governed by the ionization of at least one group with a pK, around 7.' Recently some model systems exhibiting C02 hydration catalysis have been reported,j but as yet no catalytically active model which attempts to approximate the known Zn2+ binding site for CA has appeared. Herein we report preliminary results concerning two models for the active site of CA which show consumption of 1 equiv of OH-with an apparent pK, of 6.5 in 76% ethanolic H20.5 C02 hydration6 in the presence of 1-Zn2+ shows catalysis at pH 6.5 (Table I ) which diminishes at pH >7 to a final k,, of 240 i 20 M-' s-] at pH 7.5. No catalysis by 1 is observed in the absence of Zn2+. Although we do not have good evidence for the nature of the catalytically active species, UV spectra of 1-Co2+ show the presence of what might be interpreted as tetrahedrally coordinated Co2+.' The fact that the apparent catalysis is reduced at higher pH's indicates to us that the reversible titration is best explained by complex hydrolysis4 leading to a less active species.
In order to circumvent this hydrolysis which we feel is probably due to relatively poor binding of Zn2+ by 1,4 we turned to phosphines 2a-c8 which appear from models to be reasonable tridentate ligands for the CA metal binding site. 'H NMR spectra of 2c in methanol-d4-D20 as a function of increasing [Zn2+] show the appearance of a well-defined 1 : 1 complex when [Zc] / [ Zn2+] = 1; no 2:l complex is observed.sb UV spectra of 2a and 2b in the presence of CoCl2 show little if any evidence for 4-coordinate ligation9 On the other hand, the isopropyl phopsphine 2c in the presence of CoC12 shows reversible formation of a tetrahedral species at increasing pH with bands appearing at 588 (285), 622 (450), 646 (516), 662 (501) nm
The 2c-Co2+ spectra are highly anion dependent (Figure l) , reminiscent of the situation for the Co2+-enzyme.10 In the presence of C104-and NO3-the 
